INTRODUCTION

32
In studies of hydrological systems over the past few years, new environmental tracers have 33 been successfully applied, such as strontium, boron and sulphate isotopes, as well as CFCs 1  2  3  4  5  6  7  8  9  10  11  12  13  14  15  16  17  18  19  20  21  22  23  24  25  26  27  28  29  30  31  32  33  34  35  36  37  38  39  40  41  42  43  44  45  46  47  48  49  50  51  52  53  54  55  56  57  58  59  60  61  62  63  64  65 -3 -and Piketti, 2001). The intensive sand and gravel extraction throughout the alluvial plain 77 since 40 years has created large borrow-pits that, at the end of the exploitation period, are 78 filled by ground-and rain-water. The Bassée site is also the major wetland area of the Ile-de-
79
France region, labelled "Natura 2000", and part of a Europe-wide network of sites tasked with 80 the preservation of our natural heritage. It is one of the 87 wetlands of major importance in
81
France and governmental action plans were established in order to protect the surface water 82 covering 20% of the plain (http://natura2000.environnement.gouv.fr /sites/FR1112002.html).
83
The groundwater here is of great importance as a drinking-water supply and is considered as 84 a reservoir to be protected for the Paris metropolitan-area water supply (SDAGE, 
92
The scope of this study was to improve the hydrological understanding of the system through 
99
being intensively exploited for sand and gravel extraction, the existing surface water is of 100 particular ecological and hydrological importance in the studied area.
102
CHARACTERISTICS OF THE BASSÉE SITE
103
The Bassée site, south-east of Paris, is of major importance for the drinking-water supply of select only the piezometers exploiting a unic geological formation (Chalk or Alluvial). In 141 addition, two gravel-pit lakes at La Tombe and Bazoches-lès-Bray and a well located at La-
142
Chapelle-sur-Oreuse in the Chalk aquifer upstream from the Bassée alluvial plain were 143 sampled in November 2007 (Fig. 1) . A complementary sampling campaign tooks place in 1  2  3  4  5  6  7  8  9  10  11  12  13  14  15  16  17  18  19  20  21  22  23  24  25  26  27  28  29  30  31  32  33  34  35  36  37  38  39  40  41  42  43  44  45  46  47  48  49  50  51  52  53  54  55  56  57  58  59  60  61  62  63  64  65 -5 -and SF 6 .
149
The boreholes were sampled after pumping at least three purge volumes and stabilizing the 
162
Sr concentrations were measured by inductively coupled plasma mass spectrometry (ICP-
163
MS) (uncertainty 5%). Alkalinity was determined by HCl titration and Gran"s method.
164
Strontium for isotopic analysis was separated using an ion-exchange column (Sr-Spec resin).
165
Procedural blank levels were lower than 0.5 ng. 
174
Samples for tritium activity measurements were collected in one litre polyethylene bottles.
175
Analyses were done by direct liquid scintillation counting. The detection limit was 10 TU
176
(Tritium Unit with 1 TU equal to 1 tritium atom in 10 18 hydrogen atoms). All isotopic analyses
177
were carried out by the BRGM Geochemistry Laboratory.
178
Samples for CFC and SF 6 were collected in 500 mL glass bottles. 
RESULTS
187
Chemical composition of groundwater 188
Physico-chemical parameters (Table 1) 
196
Binary diagrams (Fig. 4a ) confirm an excess of sulphate compared to chloride from rainfall 
214
Intense pressure from agriculture is also reflected in groundwater by the presence of four 
Tritium and CFC data 281
The trends of CFCs and SF 6 used as input functions in air correspond to those of the Mace 
293
CFC-11, CFC-12, CFC-113, and SF 6 were systematically measured for groundwater dating. 3  4  5  6  7  8  9  10  11  12  13  14  15  16  17  18  19  20  21  22  23  24  25  26  27  28  29  30  31  32  33  34  35  36  37  38  39  40  41  42  43  44  45  46  47  48  49  50  51  52  53  54  55  56  57  58  59  60  61  62  63  64  65 -9 -probably caused a degradation of CFCs (Horneman et al., 2008), in which case SF 6 was 296 then used for dating the water, this element being less sensitive to microbial degradation.
297
All water samples could be dated at least once. Determination of apparent water ages using 
307
The dissolved gases and age-dating interpretation show a significant differentiation between 
Stable isotopes 331
-10 - (Fig. 9) , most of the water falls on the 
338
The most isotopically depleted groundwater is that sampled in the Chalk aquifer upstream 339 from the Bassée area, which thus can be considered as the Chalk aquifer without influence 
357
Though to a smaller extent, river water is also evaporated and falls on the same evaporation
358
line. This clearly indicates that some sampling points in groundwater integrate evaporated
359
water that could be provided either by gravel-pit lakes or by river water.
360
DISCUSSION
361
Groundwater-river relationships 362
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The spatial distribution of sampling points in the Bassée floodplain allows the construction of 374 two north-south profiles perpendicular to the Seine. Along these profiles, the Ca/Sr ratio and 
387
The sampling points located upstream and far from the Seine (Sc22, Sa37, Sc09, Sa61 and 
Relationship between groundwater and gravel-pit lakes 401
Numerous gravel-pit lakes or natural ponds, swamps, oxbow lakes, and other backwaters 
416
The Sc13 water may result from a mixture of surface water with a more fractionated isotopic 417 signature (higher H and O isotopic signatures) than the two gravel-pit lakes sampled in this 418 study or the groundwater. The infiltration of surface water to the aquifer is also clearly shown
419
at sampling points Sa26, Sa38, Sc13 and Sc16 (Fig. 9) .
420
Dissolved gases (CFC-11, CFC-12, CFC-113, SF 6 ) and age-dating interpretation give quite
421
heterogeneous results. Piezometers Sc13 and Sc09 in the Chalk aquifer mainly contain
422
young water, and a direct influence of surface water on these points is thus expected. Being
423
far from the Seine, the influence of ponds or gravel-pit lakes is most likely for these two wells.
424
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444
The percentage of young groundwater was compared to nitrate concentrations (Fig. 10) 
447
For most sampling points, the more important is the influence of the young groundwater, the 448 higher are the nitrate concentrations (Fig. 11) , whereby the "youngest" groundwater dates 
453
For Sa61, Sa41, Sa48 relatively low nitrate concentrations compared to the apparent CFC 454 ages may be explained by surface water influence (Fig. 11) . In fact, the very high tritium 455 content in groundwater from these three wells indicates a stronger influence of the Seine on 456 groundwater, an influence that was also felt in Sc13 and Sc09. At the latter two points, a low 457 redox potential suggests possible denitrification processes. In Sc09, the nitrate concentration 
CONCLUSIONS
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487
 The influence of Seine water, direct or indirect through the alluvial deposits, was 488 shown using tritium and Sr isotope data for Sa41, Sa48 and Sa61.
489
 The impact on the aquifer of water stored in the gravel-pit lakes or other natural 490 shallow lakes, ponds or swamps, was highlighted by using stable-isotope tools. The 
499
 The geochemical approach tested on this site clearly demonstrates the efficiency of 500 geochemical tools for describing the relationships between groundwater, river water 501 and lake water. In addition, it underlined the need of using multiple tools for 502 understanding a complex water system.
503
 The approach described in this paper can be usefully applied to other case studies,
504
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